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1
MOBILE COMMUNICATIONS NETWORK

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/108,352, filed on May 16, 2011; and this
application further claims benefit under 35 U.S.C. §119(a)
and 37 CFR 1.55 to UK Patent Application GB1108159.3,
filed on May 16, 2011.

FIELD OF THE INVENTION

The invention relates generally to mobile communications
networks. More particularly, but not exclusively, the inven-
tion relates to reporting bit error probability (BEP) values in,
for example, a cellular Global System for Mobile communi-
cations (GSM) network.

BACKGROUND OF THE INVENTION

In radio communications networks, such as a GSM net-
work, the network may comprise t base stations (BTS) com-
municating with user terminals (UT). It is important to opti-
mize the capacity of the network. However, doing so may
affect other important aspects of the network operation such
as link quality of communications between the BTS and the
UTs, which is reflected by the accuracy of BEP measure-
ments and reports. Therefore, there is a need to develop ways
to allow an increase of the capacity without sacrificing the
reliability of the communications.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there is
provided a method for applying an adaptation process in data
communication utilizing a time-division multiplexing com-
munication protocol, the method comprising: receiving data
in a first user terminal during a time slot assigned for simul-
taneous transmission of data to a first set of at least one user
terminal and to a second set of at least one user terminal in the
time-division multiplexing communication protocol; esti-
mating the applied power ratio between the transmission
power of a first sub-channel to the first set and the transmis-
sion power of a second sub-channel to the second set, wherein
the available power ratios are divided into at least one known
region and each applied power ratio belongs to one region;
estimating a bit error probability for each of the bursts of the
received data; and applying an adaptation process in order to
make the estimated bit error probabilities to fall into one of bit
error probability intervals of a predefined mapping table with
a predetermined probability, wherein the bit error probability
interval in which the estimated bit error probabilities fall
determines the bit error probability that is to be reported to a
network and the adaptation process to be applied depends on
which region the applied power ratio belongs to.

According to a second aspect of the present invention, there
is provided a method for generating adaptation data for per-
forming an adaptation process, the method comprising: divid-
ing the range of available power ratios between the transmis-
sion power of a first sub-channel to a first set of at least one
user terminal and the transmission power of a second sub-
channel to a second set of at least one user terminal into at
least one region; and associating each region with specific
adaptation data that is to be applied in the adaptation process
when receiving data in a time slot assigned for simultaneous
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transmission of data to the first set and to the second setin a
time-division multiplexing communication protocol.

According to a third aspect of the invention, there is pro-
vided an apparatus comprising means for receiving data in a
first user terminal during a time slot assigned for simulta-
neous transmission of data to a first set of at least one user
terminal and to a second set of at least one user terminal in the
time-division multiplexing communication protocol; means
for estimating the applied power ratio between the transmis-
sion power of a first sub-channel to the first set and the
transmission power of a second sub-channel to the second set,
wherein the available power ratios are divided into at least one
known region and each applied power ratio belongs to one
region; means for estimating a bit error probability for each of
the bursts of the received data; and means for applying an
adaptation process in order to make the estimated bit error
probabilities to fall into one of bit error probability intervals
of'a predefined mapping table with a predetermined probabil-
ity, wherein the bit error probability interval in which the
estimated bit error probabilities fall determines the bit error
probability that is to be reported to a network and the adap-
tation process to be applied depends on which region the
applied power ratio belongs to.

According to a fourth aspect of the invention, there is
provided an apparatus comprising means for dividing the
range of available power ratios between the transmission
power of a first sub-channel to a first set of at least one user
terminal and the transmission power of a second sub-channel
to a second set of at least one user terminal into at least one
region; and means for associating each region with specific
adaptation data that is to be applied in an adaptation process
when receiving data in a time slot assigned for simultaneous
transmission of data to the first set and to the second set in the
time-division multiplexing communication protocol. In an
embodiment, the apparatus comprises means for applying a
power ratio linkable to a certain region in transmission of data
to the first and to the second set; means for obtaining infor-
mation on bit error rate probabilities estimated in the user
terminal associated with the transmission; means for deter-
mining actual bit error probabilities corresponding to the
estimated bit error probabilities; means for generating adap-
tation data for the region which is linkable to the applied
power ratio, wherein the adaptation data is generated on the
basis of a comparison between the estimated bit error prob-
abilities and the actual bit error probabilities; and means for
performing the generation of the adaptation data for each of
the at least one region thereby associating each region with a
region-specific adaptation data. In an embodiment, the appa-
ratus comprises means for dividing the range of available
power ratios into at least two regions.

According to a fifth aspect of the invention, there is pro-
vided a computer program product embodied on a distribu-
tion medium readable by a computer and comprising program
instructions which, when loaded into an apparatus, execute
the method of the invention.

Other aspects and embodiments of the invention will
become apparent from the following description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the invention will be described in greater
detail with reference to the embodiments and the accompa-
nying drawings, in which

FIG. 1 is a diagram that illustrates a communication
between a base station and two user terminals;

FIGS. 2A and 2B are graphs showing exemplary power
ratios applied in data communications;
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FIG. 3 is a flow diagram showing a process of correcting
BEP values;

FIG. 4 is a flow diagram illustrating an exemplary tuning
phase;

FIG. 5 is a diagram representing a division of available
power ratio range according to an embodiment;

FIG. 6 is an exemplary predefined mapping table;

FIG. 7 is a flow diagram illustrating an exemplary method
of applying an adaptation process;

FIG. 8 is an exemplary scaling table;

FIG. 9 is an exemplary scaled mapping table; and

FIGS. 10 and 11 are block diagrams illustrating exemplary
apparatuses according to embodiments of the present inven-
tion.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

The following embodiments are exemplary. Although the
specification may refer to “an”, “one”, or “some” embodi-
ment(s) in several locations of the text, this does not neces-
sarily mean that each reference is made to the same embodi-
ment(s), or that a particular feature only applies to a single
embodiment. Single features of different embodiments may
also be combined to provide other embodiments.

Radio communication networks, such as GSM networks,
comprise base stations (BTS) that communicate with one or
more user equipment (UE) terminals (or, simply, “UE”). A
UE may also be referred to as a user terminal, a terminal
device, a terminal apparatus, a terminal or a mobile station,
for example. Although the description uses a UE or a terminal
as examples when describing the embodiments, the embodi-
ments may as well be performed by any apparatus such as a
chip, a chipset, a module, an ASIC, etc., and the apparatus
may be a module (to be attached to the UE) providing con-
nectivity, such as a plug-in unit, a “USB dongle”, or any other
kind of unit. A unit may be installed either inside UE or
attached to UE with a connector or even wirelessly. GSM
systems may also comprise optional network elements that
provide an interconnection with a core network. A BTS con-
nects UEs via the so-called radio interface to the network. The
BTS may provide radio coverage to a cell, control radio
resource allocation, perform data and control signaling, etc.
The BTS may be a base station controller (BSC) as in the
GSM, or any other apparatus capable of controlling radio
communication and managing radio resources within a cell.
The cell may be a macrocell, a microcell, or any other type of
cell where radio coverage is present.

A GSM network uses time division multiplexing (TDM)
and time division multiple access (TDMA) techniques for
communicating with UEs. This means that each UE is allo-
cated a specific interval of time during which the UE may
communicate with the BTS. In addition, a GSM network
combines TDMA with frequency hopping and wideband
transmission to minimize common types of interference. In a
GSM system, synchronization of a UE is achieved by sending
timing advance commands from the BTS to the UE, such that
the UE is informed when to transmit, i.e. timing advance
commands indicate a specific time slot which is to be used by
the UE. For modulation of the data, GSM applies Gaussian
minimum shift keying (GMSK). Although the present
description uses a GSM network as the exemplary network,
the embodiments are applicable to any kind of network oper-
ating under a TDM protocol where users are allocated certain
time slots for communication.

According to current developments, a feature referred to as
voice services over adaptive multi-user orthogonal sub-chan-
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nels (VAMOS) is provided for network protocols applying
TDM/TDMA. VAMOS allows two full rate GMSK users,
four half rate GMSK users, or one full rate and two half rate
GMSK users, to be multiplexed onto a single timeslot by
transmitting two GMSK signals from a BTS as one quadra-
ture phase shift keying (QPSK) signal (where QPSK refers to
PSK with four states). In other words, the user terminals
applying VAMOS may be grouped into two sets, each having
at least one user terminal. For example, each set may com-
prise either one full rate or 2 half rate users. VAMOS is
illustrated in FIG. 1, where a BTS 100 transmits data (such as
speech data, but can be other data as well), to UE#1 102 and
UE#2 104 via respective communication links 106 and 108.
Thus, this example assumes two full-rate users. VAMOS
therefore introduces a formal framework on how two tradi-
tional GMSK speech signals (also referred to as ‘sub-chan-
nels’ in the following) are to be served by the same timeslot by
transmitting a QPSK modulation carrying twice the number
of'bits per symbol. In other words, the transmission shown in
FIG. 1 takes place by using the same time slot in a TDM
protocol. VAMOS is an interesting feature since the speech
capacity of a GSM network may be more or less doubled
when cornpared to existing GSM networks (or similar) using
GMSK for speech data.

A terminal supporting VAMOS may also need to support a
new set of GSM training sequence codes and may be based on
either DARP (downlink advanced receiver performance)
phase I or on more advanced receiver architectures. Hence
performance requirements are being specified for two levels
of VAMOS-aware terminals i.e. VAMOS level I terminals are
expected to be based on the DARP phase I receiver architec-
ture and VAMOS level II terminals are expected to be based
on more advanced receiver techniques fulfilling some tight-
ened performance requirements. The requirement to specify
both types of terminal is driven by the desire of the mobile
vendors to get VAMOS support into terminals at an early
point in time; since VAMOS level I terminals may be ready
earlier than VAMOS level II terminals. Thereafter, the net-
work capacity gain may be obtained by either pairing a
VAMOS capable terminal with a legacy terminal or by pair-
ing a VAMOS capable terminal with another VAMOS capable
terminal.

However the multiplexing of two sub-channels onto a
single timeslot can introduce co-channel interference
between the two sub-channels that share the same timeslot in
the signal transmitted from the BTS. The ratio of the co-
channel interference between the two sub-channels typically
depends on the applied power ratio between the transmission
powers of a first and a second sub-channel assigned to a first
set of atleast one user terminal and to the second set of at least
one user terminal, respectively. The ratio is called a sub-
channel power imbalance ratio (SCPIR) which therefore
impacts the UE performance of each of the terminals assigned
to the two subchannels. The SCPIR value, which may also
simply be referred to hereinafter as a ‘power ratio’, is used by
the BTS to control how the transmission power is split
between the two paired sub-channels, and is defined by
SCPIR=P1/P2 where P1 and P2 are the transmission powers
of the sub-channel 1 (aimed for the UE #1 of FIG. 1, for
example) and sub-channel 2 (aimed for the UE #2 of FIG. 1,
for example), respectively. Alternatively, or in addition, the
SCPIR may also be measured in terms of an angle for the
constellation points called alpha (c), that is SCPIR=10 log, ,
(0?/(2—c?)). As a result, adjusting the SCPIR allows the BTS
to control the allocation of power between the two paired
sub-channels. This is illustrated in FIGS. 2A and 2B. When
SCPIR=1 is used, the two sub-channels have the same power
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allocated as shown in FIG. 2A and thus the power of an
interfering sub-channel will have the same power as a desired
sub-channel regardless of the sub-channel a given terminal is
supposed to detect. However, it may be desirable to have
SCPIR=1 in order to allocate more power to one of the two
sub-channels, i.e. allocate different power levels for the
underlying paired users as shown in FIG. 2B, where more
power is allocated for UE#1 than for UE#2. As SCPIR=1
results in one sub-channel having more power than the other,
it also changes the ratio of desired power to interfering power
as seen from both sub-channel’s point of view. In this case, the
sub-channel having the smallest power allocation (i.e. UE#2
in FIG. 2B) may experience a higher level of interference.

UEs, such as the UE#1 102 and UA#2 104 in FIG. 1, may
be required to report to the network BEP values measured by
the UE, the BEP indicating the quality of a link between the
UE and BTS. The GSM specification may prescribe certain
criteria to the reporting, such as the accuracy of the reported
BEP. The UE may report the BEP by mapping estimated BEP
values per burst (i.e. per time slot) into one of 32 intervals as
is currently specified by a technical specification group GSM/
EDGE radio access network of the 3" generation partnership
project BGPP) in TS 45.008, version 9.6.0. This is shown in
FIG. 6, where a mapping table 600 is shown. The mapping
table contains the said 32 states and the UE performs the BEP
reporting by transmitting the BEP according to one of the 32
states. The selection on which BEP state to apply is made
based on the estimated BEP values. The BEP estimates are
allowed to fall within a predefined interval with a certain
probability. For example, in FIG. 6, the BEP according to
state #1 is reported if the estimated BEP values fall within the
required probability within range [a . . . b], the BEP according
to state #2 is reported if the estimated BEP values fall within
the required probability within range [b . . . ¢], etc. As can be
seen, the mapping table may include some overlap in the BEP
intervals, although this is not necessary. For example, given a
transmission in a certain BEP state (one of the 32 possibili-
ties), 80% of the estimates reported back from the UE should
be within that correct region (i.e. the UE should report the
correct state or the reported BEP estimates should be within
the interval of the correct state e.g. [a . . . b] 80% of the time).
The minimum probability for the BEP estimates to fall within
the interval are specified both for speech data (for the GMSK
and for different codecs, such as for TCH, E-TCH and
O-TCH) and for a general packet radio service (GPRS) apply-
ing either GMSK or 8PSK.

In order to meet these BEP reporting requirements the UE
may require some form of correction between the estimated
BEP and the actual BEP so as to satisfactorily map the esti-
mated BEP values into the required interval as specified by
the specifications. In other words, there may be situations
when the estimated BEP values do not fall within any of the
BEP intervals of FIG. 6 with required probability. Therefore,
a correction (scaling) may be required. FIG. 3 shows an
exemplary method applied by the UE in correcting the esti-
mated BEP values in order to make the BEP estimates fall into
predetermined BEP intervals. In block 300, the BEP is esti-
mated. The BEP estimates may be obtained for each channel
on a burst-by-burst (i.e. timeslot by timeslot) basis by the UE.
The input for the block 300 may be, for example, the soft bits
from a MAP equalizer of the receiver. One possible way to
determine the estimation of BEP is according to the equation
which reads as:
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where BEP,, is the estimated BEP for a burst, Si is the i
softbit from the MAP equalizer, and N is number of softbits in
a burst, such as 116. Alternatively any estimation method as
required by the vendor may be applied. The estimated BEP is
then filtered (averaged) in block 302 over the BEP reporting
period, such as over 104 frames corresponding to 480 ms as in
the GSM. However, the type of filtering is specified by the
3GPP and may differ between EGPRS and speech services. In
block 304, an adaptation process is applied to scale the BEP
estimates to appropriate values which fall into one of BEP
intervals of a known mapping table 600 of FIG. 6. The map-
ping table may be specified by the standards, for example.
Finally, in block 306, the estimated BEP values may be
mapped to one of the 32 reporting values according to the
3GPP specification as a result of successful scaling. There-
fore, the BEP which characterizes the link quality is obtained
and may be reported to the network. It should also be noted
that the scaling and mapping could be combined into one step,
or the scaling could be done as part of the estimation as well,
i.e. prior to the BEP filtering. The adaptation process and
information needed therein may be obtained through a tuning
phase, which may be conducted offline in testing environment
(block 308). The UE may be hardcoded with the obtained
adaptation data and use the adaptation data during actual
communication between the BTS and the UE. The tuning
phase will be explained later in more detail.

However, when VAMOS is applied (i.e. transmission of for
example speech data to two terminals takes place within the
same time slot in TDM communication), the applied SCPIR
will also impact the BEP measurement performed by the
terminals, since a different SCPIR value means different
interference level seen from both sub-channel’s point of view.
The SCPIR impact on the required BEP measurement is
expected to differ for VAMOS level I terminals and VAMOS
level 1I terminals, since these are expected to use different
hardware architectures. Nevertheless, the terminal reporting
the BEP is required to meet predefined BEP requirements no
matter which SCPIR the network has used for its VAMOS
transmission. This may cause problems in meeting the speci-
fied requirements with respect to being able to map the BEP
estimates into one of the BEP intervals of the predefined
mapping table when selecting the BEP to be reported to the
network from a VAMOS capable terminal. In other words,
when the SCPIR is changed causing a different level of inter-
ference, the accuracy of the BEP measurement will deterio-
rate to such an extent that the terminal may no longer be
capable of meeting the 3GPP specification requirements for
the reported BEP measurement accuracy.

For this reason it is proposed to divide the range of avail-
able power ratios between the transmission power of a first
sub-channel to a first set of at least one user terminal and the
transmission power of a second sub-channel to a second set of
at least one user terminal (i.e. SCPIR) into at least one region
(i.e. power ratio region) and to associate each region with a
region-specific adaptation data that is to be applied in an
adaptation process when receiving data in a time slot assigned
for simultaneous transmission of data to the first set and to the
second set in the time-division multiplexing communication
protocol. The data that is transmitted and received may com-
prise at least one of the following types of data: speech, text,
video, multimedia, user data, control data, etc. In general the
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data can be any type of data that may be communicated
between the BTS and the UE. The adaptation process may be
performed by/in the UE#1 102 and/or UE#2 104 of F1G. 1, for
example. The division of the range of power ratios is shown in
FIG. 5. According to the proposed solution as shown in FIG.
5, the SCPIR ranges are split into N regions 500 to 508. The
range of available powers ratios may vary depending on
which type of user terminal is in question. For example, for a
VAMOS level | terminal, the range of power ratios available
(i.e. the SCPIR operating range available) may comprise val-
ues between —4 dB to +4 dB. For a VAMOS level II terminal,
the SCPIR operating range available may comprise values
between —10 dB to +10 dB. The number of regions N may be
anywhere between one and an infinite number of regions.
When dividing into one region, the whole range available is
within the single region. In an embodiment, the number of
regions may be anything between two and an infinite number
of regions, i.e. the range of available power ratios is divided
into at least two regions. This embodiment allows a more
accurate BEP reporting capability as the number of regions,
each of which is given a specific adaptation data, is higher.
The exact number N can be chosen according to complexity
and performance requirements. When at least two regions are
used, the regions need not be uniform in size, but they can be.
For example, from FIG. 5 it can be seen that region 502 spans
more SCPIR values than the region 500. Applying non-uni-
form sizes, i.e. at least one region spans a different amount of
the SCPIR range than the others, enables more flexibility in
selection of the SCPIR values within a specific region. This
may be of use when the estimated BEP values corresponding
to a certain range of SCPIRs are substantially unchanged but
even a small change of SCPIR in another part of the available
SCPIR operation range affects the estimated BEP values sig-
nificantly. For example, if it is observed that power ratios
from -10 dB to -5 dB result in the estimated BEP values
being substantially the same (or only small variation), then
one region may hold SCPIR values from -10 dB to -5 dB.
This is because a same scaling may be performed for each of
these SCPIR values. However, if it is observed that power
ratios from, for example, 0 dB to 3 dB result in the estimated
BEP values being very different, then one region may hold
SCPIR values between 0 dB and 1 dB and another power
ration region may hold SCPIR values between 2 dB and 3 dB.

As the available SCPIR operation range is divided into at
least one region, it is proposed to carry out an appropriate
tuning for each of the at least one region, thereby producing a
different adaptation data for each of the at least one region.
Thus, each region may be associated with a region-specific
adaptation data that can be used in the actual communication
between the BTS and the UE when the UE performs the
adaptation process. The tuning phase is depicted in more
detail in FIG. 4. As indicated earlier, the tuning phase may be
conducted offline beforehand and the obtained adaptation
data may be preconfigured in the UEs. The tuning phase may
startin block 400 by dividing a range of available power ratios
between the transmission powers for the first set and for the
second set of at least one user terminal into at least one region.
The at least one region may thus correspond to the N regions
of FIG. 5, for example. In case only one region is applied, the
single region comprises all the available SCPIR values. The
available range may be, for example, from —10 dB to +10 dB
as is the case for a VAMOS level Il terminal. That is, it may be
known beforehand.

Inblock 402, a certain power ratio (i.e. SCPIR) linkable to
a certain region is applied in a transmission of data to the first
and to the second set. Linkable here denotes that the applied
power ratio need not necessarily fall within the certain range
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but the applied power ratio may be outside the current link-
able region. For example, the applied SCPIR value may fall
within the current region, outside the region, or locate at the
boundary of two adjacent regions. In an embodiment, the
applied power ratio does not belong to the certain region in
question. However, if the used power ratio value locates out-
side the certain power ratio region, it may still be linkable to
the certain region so that the tuning phase for the certain
region may be performed. For example, the applied SCPIR
may locate in the close vicinity of the certain power ratio
region. The use of a power ratio outside the current power
ratio region may be advantageous and even required due to
saturations in the receivers and fixed point issues.

In block 404, information on bit error rate probabilities
estimated in the user terminal associated with the transmis-
sion is obtained. The manner of estimating the BEP values is
given with respect to FIG. 3. The estimated BEP values may
be obtained by, for example, receiving the estimated BEP
values from the user terminal or by estimating the BEP val-
ues.

Then, in block 406, actual BEP values corresponding to the
estimated BEP values are determined or measured. This can
be known by comparing the actually transmitted bits and the
received bits. This way it is known what the BEP should be.

In block 408, generating adaptation data for the region
which is linkable to the applied power ratio is performed. The
adaptation data is generated on the basis of a comparison
between the estimated BEP values and the actual BEP values.
The obtaining of the adaptation data may comprise, for
example, plotting the estimated BEP values against their cor-
responding actual BEP values and deriving scaling values
needed to make the actual and the estimated BEP values
match. Therefore, this may require knowledge of the actual
BEP and assessment of the BEP estimate reports based on the
same period of time. By knowing the actual BEP interval at
which the transmission took place at a known transmit power,
it is possible to obtain adaptation data for the corresponding
region which can be used, for example, to scale the BEP
estimates to match the actual BEP values. When this adapta-
tion data is applied during actual communication between the
BTS and the UE, the UE may make its estimated BEP values,
which may not at first match the actual BEP values due to
varying SCPIR value, match the actual BEP and thereby fall
into one of the BEP regions defined in the specification.

In step 410 it is checked whether all regions have been
associated with region-specific adaptation data. If the answer
is positive, then the tuning may be finished at block 414.
However, if the answer is negative, then another SCPIR value
(i.e. another transmit power) is selected in block 412, wherein
the newly selected SCPIR value is linkable to another region.
Consequently, the tuning process is re-started from block
402, this time applying the newly selected power ratio. This
way the generation of the adaptation data is performed for
each ofthe at least one region, thereby associating each region
with specific adaptation data. In case of only one region, the
tuning may be performed by using one SCPIR value to opti-
mize the BEP reporting over all other SCPIR values in the
single region.

The tuning may be done once for a given platform or
chipset as the BEP is measured in the receiver and is influ-
enced for example by the noise present in the system and the
actual RF components used. However, the tuning may be
redone at a later stage in order to update or modify the adap-
tation data, if needed. The tuning may be carried out for each
region using VAMOS signals at a certain SCPIR, as shown in
FIG. 4. Having a set of tuning phases for the different regions
gives a level of flexibility for VAMOS signals that may be
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required to meet the specification requirements relating to the
BEP estimation accuracy of having the BEP estimates fall
within one of the predefined BEP intervals. In other words,
once tuned, the UE may then be able to perform the adaptation
process with the adaptation data and, for example, appropri-
ately scale the estimated BEP to fall into the required intervals
in the specification.

FIG. 7 shows a method applied in the actual data commu-
nication utilizing the time-division multiplexing communica-
tion protocol between the BTS and the UE. The method starts
in step 700. An apparatus, such as the UE#1 102 in FIG. 1 (or
a chip, a chipset, a processor, a micro controller, a combina-
tion of such circuitries, a module interoperating with the UE,
aplug-in unit, a “USB dongle”, etc.) may, in step 702, receive
data during a time slot assigned for simultaneous transmis-
sion of data to the first set of at least one user terminal and to
the second set of at least one user terminal. In an embodiment
the first set of at least one user terminal and the second set of
at least one user terminal receive speech data in a GSM
network and apply VAMOS. Then, in step 704, the UE may
estimate the applied power ratio between transmission pow-
ers of a first and a second sub-channel to the first and to the
second set, respectively, wherein the available power ratios
are divided into at least one known region and each applied
power ratio belongs to one region, as explained earlier with
respect to FIG. 5. The estimation of the SCPIR is vendor
specific. The UE may, for example, apply a well-known New-
ton method for the estimation, but other known methods are
also available. Alternatively, the estimation may be con-
ducted by measuring a related parameter alpha. The measured
alpha may indicate the used power ratio to the UE as the alpha
is directly related to the applied power ratio. In step 706, the
UE may estimate the BEP for each of the bursts of the
received data. This may be made as explained with respect to
FIG. 3. In step 708, the UE may apply the adaptation process
in order to make the estimated BEP values to fall into one of
BEP intervals of a predefined mapping table with a predeter-
mined probability, wherein the BEP interval in which the
estimated BEP values fall determines the BEP that is to be
reported to a network, wherein the adaptation process to be
applied depends on which region the applied power ratio
belongs to. As the UE is aware of the estimate of the SCPIR
(i.e. the power ratio applied), it may select an adaptation
process that corresponds to the applied power ratio. As
explained earlier, the region-specific adaptation processes
and information required therein may be obtained offline in
the tuning phase, for example, and be hardcoded to the UE.
The method ends in step 710.

The adaptation data to be used in the adaptation process
may comprise at least one of the following: scaling values for
scaling the estimated BEP values, a scaling table for obtain-
ing the scaled estimates of BEP values, and a scaled mapping
table having BEP intervals into which the estimated BEP
values directly fall with a predetermined probability. In the
following these are explained in more detail.

In an embodiment, the adaptation process comprises scal-
ing the estimated BEP values to match corresponding actual
BEP values in order to make the scaled estimated BEP values
directly fall into one of BEP intervals of the predefined map-
ping table, wherein the scaling is based on known region-
specific scaling values or scaling tables. An example of the
scaling table 800 is shown in FIG. 8, wherein it can be seen
that, for example, when the estimated BEP value is A, the
scaled estimated value is A' which corresponds to the actual
BEP. Thus, the scaling table is used to directly give a scaled
value of the estimated BEP that is to be used when detecting
whether the estimated BEP values fall into one of the BEP
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intervals of the predefined mapping table with certain pre-
defined probability. Scaling values on the other hand indicate
the correction that is needed to be performed to the estimated
BEP values in order to reach the scaled (corrected) BEP
values which can be mapped to the predefined mapping table.
The region-specific scaling values and/or the scaling table
may be obtained by comparing the estimated BEP values and
the actual BEP values in the tuning phase, as explained ear-
lier. The predefined mapping table may here be the mapping
table 600 of FIG. 6 as given from the network. As a result, the
UE is able to select the conesponding BEP to be reported to
the network from the predefined mapping table.

In an embodiment the adaptation process comprises apply-
ing a known region-specific scaled mapping table as the pre-
defined mapping table, wherein the scaled mapping table has
BEP intervals scaled with respect to the BEP intervals of the
original predefined mapping table in order for the estimated
BEP values to fall directly into one of the BEP intervals of the
scaled mapping table. Thus, the predefined mapping table is
in this embodiment a scaled mapping table instead of the
mapping table given by the network. However, there is cor-
respondence between the two tables as the scaled one is
scaled with respect to the original mapping table, such as the
predefined mapping table of FIG. 6. An example of a scaled
mapping table 900 for a certain region is shown in FIG. 9.
When comparing this to the mapping table of FIG. 6, it can be
seen that the BEP interval values have been scaled (a->a',
b->b', etc.) to correspond better to the estimated BEP values.
This way the estimated BEP values without any further scal-
ing may directly fall into one of the BEP intervals of the
scaled mapping table. This embodiment has the advantage
that no scaling of the estimated BEP values is needed and
computational resources may be saved at the UE. So instead
of scaling the estimated BEP values and then mapping them
into the 32 regions, it is possible to find the scaling values and
scale the mapping table itself. When in operation then the
actual estimated BEP value is mapped into the new scaled
table. Again, the scaled mapping tables for some or all of the
at least one region may be hardcoded in the UE as a result of
the tuning phase. Consequently, the UE is able to select the
corresponding BEP to be reported to the network from the
predefined mapping table.

An embodiment, as shown in FIG. 10, provides an appa-
ratus 1000, such as a user terminal, comprising at least one
processor 1002 and at least one memory 1004 including a
computer program code, wherein the at least one memory
1004 and the computer program code are configured, with the
at least one processor 1002, to cause the apparatus 1000 to
carry out any of the above-described processes performed by
auser terminal. It should be noted that FIG. 10 shows only the
elements and functional entities required for understanding
the apparatus 1000. Other components have been omitted for
reasons of simplicity. The implementation of the elements
and functional entities may vary from that shown in FIG. 10.
The connections shown in FIG. 10 are logical connections,
and the actual physical connections may be different. The
connections can be direct or indirect and there can merely be
a functional relationship between components. It is apparent
to a person skilled in the art that the apparatus may also
comprise other functions and structures.

As described, the apparatus 1000 may comprise the termi-
nal device of a cellular communication system, e.g. a com-
puter (PC), a laptop, a tablet computer, a cellular phone, a
communicator, a smart phone, a palm computer, or any other
communication apparatus. In another embodiment, the appa-
ratus is comprised in such a terminal device, e.g. the apparatus
may be or comprise a circuitry, e.g. a chip, a chipset, a pro-
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cessor, amicro controller, or acombination of such circuitries
in the terminal device and cause the terminal device to carry
out the above-described functionalities. Further, the appara-
tus 1000 may be (or may comprise) a module (to be attached
to the UE) providing connectivity, such as a plug-in unit, an
“USB dongle”, or any other kind of unit. The unit may be
installed either inside the UE or attached to the UE with a
connector or even wirelessly.

As said, the apparatus 1000 may comprise the at least one
processor 1002. The at least one processor 1002 may be
implemented with a separate digital signal processor pro-
vided with suitable software embedded on a computer read-
able medium, or with a separate logic circuit, such as an
application specific integrated circuit (AS-IC). The at least
one processor 1002 may comprise an interface, such as com-
puter port, for providing communication capabilities. The at
least one processor 1002 may comprise an estimation cir-
cuitry 1010. The estimation circuitry 1010 may be applied in
estimating the applied SCPIR and estimating the BEP values,
for example. The at least one processor 1002 may also com-
prise an adaptation circuitry 1012 for performing the adapta-
tion process in order to make the estimated BEP values to fall
into one of BEP intervals of a predefined mapping table with
a predetermined probability.

The apparatus 1000 may further comprise radio interface
components 1006 providing the apparatus with radio com-
munication capabilities with the radio access network. The
radio interface components 1006 may comprise standard
well-known components such as amplifier, filter, frequency-
converter, (de)modulator, and encoder/decoder circuitries
and one or more antennas. The radio interface components
may beused in reporting the BEP to the network, for example.
The apparatus 1000 may also be equipped with radio func-
tionalities required for operating in the VAMOS mode.

As described, the apparatus 1000 may comprise a memory
1004 connected to the processor 1002. However, memory
may also be integrated to the processor 1002 and, thus, no
memory 1004 may be required. The memory 1004 may be for
storing adaptation data for each region, information regarding
the division of the SCPIR values into at least one region, etc.

An embodiment, as shown in FIG. 11, provides an appa-
ratus 1100, such as a network element (e.g. a BTS), compris-
ing at least one processor 1102 and at least one memory 1104
including a computer program code, wherein the at least one
memory 1104 and the computer program code are configured,
with the at least one processor 1102, to cause the apparatus
1100 to carry out any of the above-described processes per-
formed by a network element. It should be noted that FIG. 11
shows only the elements and functional entities required for
understanding the apparatus 1100. Other components have
been omitted for reasons of simplicity. The implementation of
the elements and functional entities may vary from that
shown in FIG. 11. The connections shown in FIG. 11 are
logical connections, and the actual physical connections may
be different. The connections can be direct or indirect and
there can merely be a functional relationship between com-
ponents. It is apparent to a person skilled in the art that the
apparatus may also comprise other functions and structures.

The apparatus 1100 may be comprised in a base station
(also called a base transceiver station). The apparatus 1100
may comprise a circuitry, e.g. a chip, a processor, a micro
controller, or a combination of such circuitries in the base
station and cause the base station to carry out the above-
described functionalities.

As described, the apparatus 1100 may comprise the at least
one processor 1102. The at least one processor 1102 may be
implemented with a separate digital signal processor pro-
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vided with suitable software embedded on a computer read-
able medium, or with a separate logic circuit, such as an
application specific integrated circuit (ASIC). The at least one
processor 1102 may comprise an interface, such as computer
port, for providing communication capabilities. The at least
one processor 1102 may comprise a SCPIR circuitry 1110.
The SCPIR circuitry 1110 may be responsible of dividing the
available SCPIR range into at least one region. The SCPIR
circuitry may also adapt the performed division later, thus
change the current division of SCPIR values in terms of the
number of regions and the amount of SCPIR values within a
specific region. The SCPIR circuitry 1110 may also be
responsible of determined the applied SCPIR value in the data
communication to two user terminals. The at least one pro-
cessor 1102 may also comprise a tuning circuitry 1112 for
performing the tuning phase as described above. Thus, the
tuning circuitry 1112 may be responsible of determining the
actual BEP, comparison of actual BEP against the estimated
BEP and associating each region with adaptation data that the
UE may apply in the adaptation process.

The apparatus 1100 may further comprise radio interface
components 1106 providing the apparatus with radio com-
munication capabilities with the radio access network. The
radio interface components 1106 may comprise standard
well-known components such as amplifier, filter, frequency-
converter, (de)modulator, and encoder/decoder circuitries
and one or more antennas. The apparatus 1100 may also be
equipped with radio functionalities required for operating in
the VAMOS mode, thus it may comprise, for example, a
QPSK modulator for transmitting the data to user terminals.

As described, the apparatus 1100 may comprise a memory
1104 connected to the processor 1102. However, memory
may also be integrated to the processor 1102 and, thus, no
memory 1104 may be required. The memory 1104 may be for
storing adaptation data for each region, information regarding
the division of the SCPIR values into at least one region, etc.

As used in this application, the term “circuitry’ refers to all
of' the following: (a) hardware-only circuit implementations,
such as implementations in only analog and/or digital cir-
cuitry, and (b) combinations of circuits and software (and/or
firmware), such as (as applicable): (i) a combination of pro-
cessor(s) or (ii) portions of processor(s)/software including
digital signal processor(s), software, and memory(ies) that
work together to cause an apparatus to perform various func-
tions, and (¢) circuits, such as a microprocessor(s) or a portion
of'a microprocessor(s), that require software or firmware for
operation, even if the software or firmware is not physically
present. This definition of ‘circuitry” applies to all uses of this
term in this application. As a further example, as used in this
application, the term ‘circuitry” would also cover an imple-
mentation of merely a processor (or multiple processors) or a
portion of a processor and its (or their) accompanying soft-
ware and/or firmware. The term ‘circuitry’ would also cover,
for example and if applicable to the particular element, a
baseband integrated circuit or applications processor inte-
grated circuit for a mobile phone or a similar integrated circuit
in a server, a cellular network device, or another network
device.

The embodiments of the invention offer many advantages.
They allow flexibility to the tuning phase by allowing easy
updates when different platforms (RF, chipset, antenna) are
used which causes changes to noise levels and, hence, the
BEP estimates. The embodiments facilitate large variations,
originating from differences in RF IC design, to be tuned to
meet the same set of 3GPP BEP measurement requirement.
Further the embodiments allow the receiver (UE) to meet the
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BEP requirements without requesting a severe relaxation of
the current BEP requirements laid down in the standard 3GPP
specification.

The techniques and methods described herein may be
implemented by various means. For example, these tech-
niques may be implemented in hardware (one or more
devices), firmware (one or more devices), software (one or
more modules), or combinations thereof. For a hardware
implementation, the apparatus(es) of embodiments may be
implemented within one or more application-specific inte-
grated circuits (ASICs), digital signal processors (DSPs),
digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FP-
GAs), processors, controllers, micro-controllers, micropro-
cessors, other electronic units designed to perform the func-
tions described herein, or a combination thereof. For
firmware or software, the implementation can be carried out
through modules of at least one chip set (e.g. procedures,
functions, and so on) that perform the functions described
herein. The software codes may be stored in a memory unit
and executed by processors. The memory unit may be imple-
mented within the processor or externally to the processor. In
the latter case, it can be communicatively coupled to the
processor via various means, as is known in the art. Addition-
ally, the components of the systems described herein may be
rearranged and/or complemented by additional components
in order to facilitate the achievements of the various aspects,
etc., described with regard thereto, and they are not limited to
the precise configurations set forth in the given figures, as will
be appreciated by one skilled in the art.

Thus, according to an embodiment, the apparatus com-
prises means configure to carry out functions associated with
any of the FIGS. 1 to 11. In an embodiment, the at least one
processor, the memory, and the computer program code form
means for carrying out the invention.

Embodiments as described may also be carried out in the
form of a cornputer process defined by a computer program.
The computer program may be in source code form, object
code form, or in some intermediate form, and it may be stored
in some sort of carrier, which may be any entity or device
capable of carrying the program. For example, the computer
program may be stored on a computer program distribution
medium readable by a computer or a processor. The computer
program medium may be, for example but not limited to, a
record medium, computer memory, read-only memory, elec-
trical carrier signal, telecommunications signal, and software
distribution package, for example.

Even though the invention has been described above with
reference to an example according to the accompanying
drawings, it is clear that the invention is not restricted thereto
but can be modified in several ways within the scope of the
appended claims. Therefore, all words and expressions
should be interpreted broadly and they are intended to illus-
trate, not to restrict, the embodiment. It will be obvious to a
person skilled in the art that, as technology advances, the
inventive concept can be implemented in various ways. Fur-
ther, it is clear to a person skilled in the art that the described
embodiments may, but are not required to, be combined with
other embodiments in various ways.

The invention claimed is:

1. A data communications method for a time-division mul-
tiplexed communications protocol in which data intended for
plural user terminals can be simultaneously transmitted in
one time slot, the method comprising:
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receiving data in a first user terminal during a time slot
assigned for simultaneous transmission of data to a first
set of at least one user terminal and to a second set of at
least one user terminal;

estimating an applied power ratio between the transmis-

sion power of a first sub-channel to the first set and the
transmission power of a second sub-channel to the sec-
ond set, wherein available power ratios are divided into
at least one known region and each applied power ratio
belongs to one region;

estimating a bit error probability for each burst of the

received data; and
applying an adaptation process in order to make the esti-
mated bit error probabilities fall into one bit error prob-
ability interval of a predefined mapping table with a
predetermined probability, wherein the bit error prob-
ability interval in which the estimated bit error probabili-
ties fall determines the bit error probability that is to be
reported to a network, and the adaptation process to be
applied depends on which region the applied power ratio
belongs to.
2. The method of claim 1, wherein the adaptation process
comprises scaling the estimated bit error probabilities to
match corresponding actual bit error probabilities in order to
make the scaled estimated bit error probabilities directly fall
into one bit error probability interval of the predefined map-
ping table, wherein the scaling is based on known region-
specific scaling values or scaling tables.
3. The method of claim 1, wherein the adaptation process
comprises applying a known region-specific scaled mapping
table as the predefined mapping table, wherein the scaled
mapping table has bit error probability intervals scaled with
respect to the bit error probability intervals of the original
predefined mapping table in order for the estimated bit error
probabilities to directly fall into one of the bit error probabil-
ity intervals of the scaled mapping table.
4. The method of claim 1, wherein the adaptation process
and information required therein is obtained offline before-
hand.
5. The method of claim 1, wherein the available power
ratios are divided into at least two known regions.
6. The method of claim 5, wherein at least some of the at
least two regions have non-uniform sizes.
7. The method of claim 1, wherein the first and the second
set of at least one user terminal receive speech data in a GSM
network and apply voice services over adaptive multi-user
orthogonal sub-channels-technique.
8. A method for generating adaptation data for performing
an adaptation process, the method comprising:
dividing a range of available power ratios between the
transmission power of a first sub-channel to a first set of
at least one user terminal and the transmission power of
a second sub-channel to a second set of at least one user
terminal into at least one region; and
associating each region with specific adaptation data that is
to be applied in the adaptation process when receiving
data in a time slot assigned for simultaneous transmis-
sion of data to the first set and to the second set in a
time-division multiplexing communication protocol.
9. The method of claim 8, further comprising:
applying a power ratio linkable to a certain region in trans-
mission of data to the first and to the second set;

obtaining information on bit error rate probabilities esti-
mated in the user terminal associated with the transmis-
sion;

determining actual bit error probabilities corresponding to

the estimated bit error probabilities;
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generating adaptation data for the region which is linkable
to the applied power ratio, wherein the adaptation data is
generated on the basis of a comparison between the
estimated bit error probabilities and the actual bit error
probabilities; and

performing the generation of the adaptation data for each

of'the at least one region thereby associating each region
with a region-specific adaptation data.
10. The method of claim 8, wherein the region-specific
adaptation data comprises one of the following: scaling val-
ues for scaling the estimated bit error probabilities, a scaling
table for obtaining the scaled estimates of bit error probabili-
ties, and a scaled mapping table having bit error probability
intervals into which the estimated bit error probabilities
directly fall with a predetermined probability.
11. The method of claim 8, further comprising: dividing the
range of available power ratios into at least two regions.
12. A data communications apparatus operable with a time
division multiplexed communications protocol in which data
intended for plural user terminals can be simultaneously
transmitted in one time slot, the apparatus comprising at least
one processor and at least one memory including a computer
program code, wherein the at least one memory and the
computer program code are configured to, with the at least
one processor, cause the apparatus at least to:
receive data during a time slot assigned for simultaneous
transmission of data to a first set of at least one user
terminal and to a second set of at least one user terminal;

estimate an applied power ratio between the transmission
power of a first sub-channel to the first set and the trans-
mission power of a second sub-channel to the second set,
wherein available power ratios are divided into at least
one known region and each applied power ratio belongs
to one region;

estimate a bit error probability for each burst of the

received data; and

apply an adaptation process in order to make the estimated

bit error probabilities fall into one bit error probability
interval of a predefmed mapping table with a predeter-
mined probability, wherein the bit error probability
interval in which the estimated bit error probabilities fall
determines the bit error probability that is to be reported
to a network and the adaptation process to be applied
depends on which region the applied power ratio
belongs to.

13. The apparatus of claim 12, wherein the adaptation
process comprises scaling the estimated bit error probabilities
to match corresponding actual bit error probabilities in order
to make the scaled estimated bit error probabilities to directly
fall into one bit error probability interval of the predefined
mapping table, wherein the scaling is based on known region-
specific scaling values or scaling tables.

14. The apparatus of claim 12, wherein the adaptation
process comprises applying a known region-specific scaled
mapping table as the predefined mapping table, wherein the
scaled mapping table has bit error probability intervals scaled
with respect to the bit error probability intervals of the origi-
nal predefmed mapping table in order for the estimated bit
error probabilities to directly fall into one of the bit error
probability intervals of the scaled mapping table.

15. The apparatus of claim 12, wherein the adaptation
process and information required therein is obtained offline
beforehand.

16. The apparatus of claim 12, wherein the available power
ratios are divided into at least two known regions.

17. The apparatus of claim 16, wherein at least some of the
at least two regions have non-uniform sizes.
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18. The apparatus of claim 12, wherein the first and the
second set of at least one user terminal receive speech data in
a GSM network and apply voice services over adaptive multi-
user orthogonal sub-channels-technique.

19. A data communications apparatus, comprising at least
one processor and at least one memory including a computer
program code, wherein the at least one memory and the
computer program code are configured to, with the at least
one processor, cause the apparatus at least to:

divide the range of available power ratios between the

transmission power of a first sub-channel to a first set of
at least one user terminal and the transmission power of
a second sub-channel to a second set of at least one user
terminal into at least one region; and

associate each region with specific adaptation data that is to

be applied in an adaptation process when receiving data
in a time slot assigned for simultaneous transmission of
data to the first set and to the second set in a time-division
multiplexing communication protocol.

20. The apparatus of claim 19, wherein the at least one
memory and the computer program code are configured with
the at least one processor to cause the apparatus further to:

apply a power ratio linkable to a certain region in transmis-

sion of data to the first and to the second set;

obtain information on bit error rate probabilities estimated

in the user terminal associated with the transmission;
determine actual bit error probabilities corresponding to
the estimated bit error probabilities;

generate adaptation data for the region which is linkable to

the applied power ratio, wherein the adaptation data is
generated on the basis of a comparison between the
estimated bit error probabilities and the actual bit error
probabilities; and

perform the generation of the adaptation data for each of

the at least one region thereby associating each region
with a region-specific adaptation data.

21. The apparatus of claim 19, wherein the region-specific
adaptation data comprises one of the following: scaling val-
ues for scaling the estimated bit error probabilities, a scaling
table for obtaining the scaled estimates of bit error probabili-
ties, and a scaled mapping table having bit error probability
intervals into which the estimated bit error probabilities
directly fall with a predetermined probability.

22. The apparatus of claim 19, wherein the at least one
memory and the computer program code are configured with
the at least one processor to cause the apparatus further to:

divide the range of available power ratios into at least two

regions.

23. A computer program product embodied on a distribu-
tion medium readable by a computer and comprising program
instructions which, when loaded into an apparatus, cause the
apparatus to perform actions for a time-division multiplexed
communications protocol in which data intended for plural
user terminals can be simultaneously transmitted in one time
slot, the actions comprising:

receiving data in a first user terminal during a time slot

assigned for simultaneous transmission of data to a first
set of at least one user terminal and to a second set of at
least one user terminal;

estimating an applied power ratio between the transmis-

sion power of a first sub-channel to the first set and the
transmission power of a second sub-channel to the sec-
ond set, wherein available power ratios are divided into
at least one known region and each applied power ratio
belongs to one region;

estimating a bit error probability for each burst of the

received data; and
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applying an adaptation process in order to make the esti- reported to a network, and the adaptation process to be
mated bit error probabilities fall into one bit error prob- applied depends on which region the applied power ratio
ability interval of a predefined mapping table with a belongs to.

predetermined probability, wherein the bit error prob-
ability interval in which the estimated bit error probabili- 5
ties fall determines the bit error probability that is to be L
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